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(54) PRINTING DEVICE, PRINTING METHOD, AND PROGRAM

(57)  To provide a hand-held printing device, a print-
ing method, and a storage medium that suppress dete-
rioration in print quality.

A manual-scanning printing device (1) includes a
printing head (103a) configured to print an image on a
printing medium (2) while moving relative to the printing
medium (2); a detector configured to detect a relative
moving amount of the printing head (103a) with respect
to the printing medium (2) for each sampling cycle; and
a control circuit configured to perform a first control to

FIG. 5

/

cause the printing head (103a) to perform printing when
amoving speed of the printing head (103a) based on the
moving amount detected by the detector and the sam-
pling cycle is equal to or higher than a first moving speed
at which the moving amount for each the sampling cycle
becomes a reference distance corresponding to a print
resolution of the printing head (103a), the printing being
performed at a timing that is set in accordance with the
moving speed.
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Description
Technical Field

[0001] The present invention relates to a printing de-
vice, a printing method, and a program.

Background Art

[0002] There is known a printing device that prints an
image to be printed on a printing medium, in accordance
with a movement of its own device on the printing medi-
um.

[0003] For example, JP 2013-14114 A discloses a
handy printer that prints an image to be printed by de-
tecting a moving amount of a print head provided to the
own device while moving on a printing medium, and print-
ing pixels of a main scanning line by using the print head
each time the detected moving amount of the print head
increases by a pitch of the main scanning line.

Summary of Invention
Technical Problem

[0004] In printing an image to be printed by using a
handy printer described in JP 2013-14114 A, when a
moving amount of a print head per cycle for detecting the
moving amount of the print head exceeds a pitch of a
main scanning line, pixels of the main scanning line may
not be printed for each pitch of the main scanning line,
and an image to be printed may be stretched in a moving
direction of the handy printer to cause distorted print,
lowering print quality. Therefore, it is demanded to sup-
press deterioration in print quality.

[0005] The present invention has been made in view
of the above-described circumstances, and has an ad-
vantage that it is possible to provide a printing device, a
printing method, and a program for suppressing deteri-
oration in print quality.

Solution to Problem

[0006] In order to achieve the above advantage, a
printing device according to the present invention in-
cludes:

a printing head configured to print an image on a
printing medium while moving relative to the printing
medium;

a detector configured to detect a relative moving
amount of the printing head with respect to the print-
ing medium for each sampling cycle; and

a control circuit configured to perform a first control
to cause the printing head to perform printing, when
a moving speed of the printing head based on the
moving amount detected by the detector and the
sampling cycle is equal to or higher than a first mov-
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ing speed at which the moving amount for each the
sampling cycle becomes a reference distance cor-
responding to a print resolution of the printing head,
the printing being performed atatiming thathas been
set in accordance with the moving speed.

Advantageous Effects of Invention

[0007] According to the present invention, a printing
device, a printing method, and a program for suppressing
deterioration in print quality can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1is a view showing an appearance of a printing
device according to an embodiment of the present
invention.

Fig. 2 is a bottom view of a printing device according
to an embodiment of the present invention.

Fig. 3 is a first view for explaining setting of a print
start position in printing using a printing device ac-
cording to an embodiment of the present invention.
Fig. 4 is a second view for explaining setting of a
print start position in printing using a printing device
according to an embodiment of the present inven-
tion.

Fig. 5 is a third view for explaining setting of a print
start position in printing using a printing device ac-
cording to an embodiment of the present invention.
Fig. 6 is a diagram showing an electrical configura-
tion of a printing device according to an embodiment
of the present invention.

Fig. 7 is adiagram showing a functional configuration
of a printing device according to an embodiment of
the present invention.

Fig. 8 is a view for explaining setting of a control
mode by a printing device according to an embodi-
ment of the present invention.

Figs. 9A and 9B both are graphs for explaining print-
ing by a printing device according to an embodiment
of the present invention in a case where a control
mode is set to a low-speed mode, wherein Fig. 9A
is a graph showing a transition of a moving amount
of the printing device detected by a detector, and
Fig. 9B is a graph showing a transition of an accu-
mulated value of the moving amount of the printing
device.

Figs. 10A and 10B both are graphs for explaining
printing by a printing device according to an embod-
iment of the presentinvention in a case where a con-
trol mode is set to a high-speed mode, wherein Fig.
10A is a graph showing a transition of a moving
amount of the printing device detected by a detector,
and Fig. 10B is a graph showing a transition of a
printing cycle.

Figs. 11A and 11B both are graphs for explaining
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printing by a printing device according to an embod-
iment of the present invention in cases where a con-
trol mode is set to a low-speed mode and where the
control mode is set to a high-speed mode, wherein
Fig. 11Ais a graph showing a transition of a moving
speed of the printing device, and Fig. 11B is a graph
showing a transition of a moving distance of the print-
ing device.

Fig. 12 is a flowchart for explaining a print process
executed by a printing device according to an em-
bodiment of the present invention.

Fig. 13 is a flowchart for explaining a control process
executed by a printing device according to an em-
bodiment of the present invention.

Fig. 14 is aflowchart for explaining an approach proc-
ess executed by a printing device according to an
embodiment of the present invention.

Fig. 15 is a flowchart for explaining a normal process
executed by a printing device according to an em-
bodiment of the present invention.

Fig. 16 is a flowchart for explaining a low-speed
mode process executed by a printing device accord-
ing to an embodiment of the present invention.

Fig. 17 is a flowchart for explaining a high-speed
mode process executed by a printing device accord-
ing to an embodiment of the present invention.

Fig. 18 is a flowchart for explaining an ejection proc-
ess executed by a printing device according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[0009] Hereinafter, a printing device according to an
embodiment of the present invention will be described
with reference to the drawings. In the drawings, mutually
same or equivalent configurations are denoted by mutu-
ally same reference numerals.

[0010] A printing device 1 shown in Fig. 1 is a manual-
scanning printing device that can be grasped by a user
and moved on a printing medium 2, and the printing de-
vice 1 prints an image to be printed on the printing me-
dium 2 in accordance with the movement. A manual-
scanning printing device is also called a handy printer, a
handheld printer, or the like. Itis to be noted that a printing
device 1 merely has to move relative to the printing me-
dium 2 during printing, and may be in a form such that,
for example, the printing device 1 is fixed while the print-
ing medium 2 is moved relative to the printing device 1.
[0011] The image to be printed is an image that is to
be printed on the printing medium 2 by the printing device
1. The image to be printed is also called a print image, a
print pattern, or the like. Specific examples of images to
be printed include letters, figures, symbols, patterns, pic-
tures, combinations of these, and the like.

[0012] The printing medium 2 is an object that is to be
printed with an image to be printed during printing. The
printing medium 2 is also called a printed medium, a re-
cording medium, a print object, or the like. Specific ex-
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amples of the printing medium 2 include paper, cloth, a
synthetic resin, a corrugated cardboard, a box, a bottle,
and the like. The printing device 1, which is a manual-
scanning printing device, can perform printing on a wider
variety of printing medium 2 than a stationary printing
device that performs printing while conveying the printing
medium 2. In other words, in addition to being able to
perform printing on a printing medium 2 such as paper
that can be easily conveyed in a same manner as a sta-
tionary printing device, the printing device 1 can also print
on a printing medium 2 such as cloth, a synthetic resin,
a corrugated cardboard, a box, and a bottle that have a
material and a shape difficult to convey, and are difficult
to print with the stationary printing device.

[0013] A direction in which a user moves the printing
device 1 during printing is referred to as a moving direc-
tion. The moving direction is also referred to as a sub-
scanning direction, a printing direction, or the like. To
facilitate understanding, there are provided xyz coordi-
nate axes shown in Fig. 1. Hereinafter, the x-axis positive
direction is referred to as a right direction. Hereinafter, a
case where a user moves the printing device 1 in the
right direction as the moving direction will be described
as an example.

[0014] The printing device 1 is provided with a low-
speed mode and a high-speed mode as control modes.
While details will be described later, the printing device
1 sets the control mode of the own device to either the
low-speed mode or the high-speed mode in accordance
with a moving speed of the own device. Further, while
details will be described later, the printing device 1 per-
forms printing with mutually different printing methods for
cases where the control mode is set to the low-speed
mode and where the control mode is set to the high-speed
mode.

[0015] The printing device 1 includes a device body
100, a start button 101, a detector 102, and a printing
mechanism 103. Although the detector 102 and the print-
ing mechanism 103 are incorporated in the device body
100 and actually not visually recognizable from outside,
the detector 102 and the printing mechanism 103 are
illustrated by broken lines to facilitate understanding in
Fig. 1.

[0016] The device body 100 is also called a housing
or the like and is held by a user. The device body 100
has an upper surface 100a and a bottom surface 100b.
The bottom surface 100b is a surface facing the printing
medium 2 during printing. The upper surface 100a is a
surface opposite to the bottom surface 100b.

[0017] The start button 101 accepts an instruction to
start printing by the user. When the start button 101 is
pressed, a print start condition to be described later is
satisfied. The start button 101 is disposed on the upper
surface 100a of the device body 100, for example.
[0018] The detector 102 detects a relative moving
amount of the printing device 1, with respect to the print-
ing medium 2. The detector 102 supplies the detected
data representing the moving amount of the printing de-
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vice 1 to a control circuit 104 to be described later. Spe-
cifically, the detector 102 includes an optical sensor (not
shown), and outputs a detection signal to the control cir-
cuit 104 for each preset sampling cycle. The detection
signal includes a moving amount detection signal indi-
cating a moving direction and a moving amount per sam-
pling cycle of the printing device 1 on the printing medium
2. The sampling cycle is set in advance by any method
such as experiment in accordance with a performance
and the like of the optical sensor. The sampling cycle
corresponds to Nts - (N - 1)ts (N is an integer of 1 or
more) in Figs. 9A, 9B, 10A, and 10B, and is 500 psec,
for example. More specifically, the detector 102 includes
a laser optical sensor having an image sensor and a light
source that irradiates a surface of the printing medium 2
with a laser beam, and the image sensor captures the
laser beam irradiated on the surface of the printing me-
dium 2 from the light source and reflected on the surface
of the printing medium 2. The detector 102 generates a
detection signal including a moving amount detection sig-
nal by analyzing an interference fringe of the captured
laser light, and outputs the generated detection signal to
the control circuit 104.

[0019] Based on the moving amount detection signal
included in the detection signal output by the detector
102, the printing device 1 acquires a moving amount and
amoving speed of the printing device 1, which is the own
device. Further, the printing device 1 determines whether
or not the own device has been lifted off, by determining
whether or not the detection signal output by the detector
102 satisfies a preset lift-off condition. Lift off means that
the printing device 1 is lifted up during printing and is
separated from the printing medium 2 by a preset lift-off
distance or more. The lift-off condition and the lift-off dis-
tance are preset by any method such as experiment.
Since it is not desirable that the printing device 1 contin-
ues printing and continues to eject ink in the lift-off state,
the printing device 1 stops printing when lifted off as will
be described later.

[0020] AsshowninFig. 2, the detector 102 is provided
to be exposed outside through an opening provided on
the bottom surface 100b of the device body 100.

[0021] Returning to Fig. 1, the printing mechanism 103
prints an image to be printed on the printing medium 2
by an inkjet method of ejecting droplets of ink onto the
printing medium 2.

[0022] Specifically, as shown in Fig. 2, the printing
mechanism 103 includes an ink jet head 103a. The ink
jet head 103a is provided to be exposed outside through
an opening provided on the bottom surface 100b of the
device body 100. The ink jet head 103a is also called a
printing head, a recording head, a print head, or the like.
In accordance with control by an ink jet head control cir-
cuit 103b, which will be described later, the ink jet head
103a performs printing by ejecting ink filled in an ink tank
(not shown), onto the printing medium 2. The ink jet head
103a and the above-described ink tank may be collec-
tively referred to as an ink cartridge or the like. The ink
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jet head 103a functions as a printing head. Further, the
above-described detector 102 detects a relative moving
amount oftheink jethead 103awith respectto the printing
medium 2 for each sampling cycle.

[0023] More specifically, the ink jet head 103a has a
nozzle row NL. The nozzle row NL is provided in parallel
with the y-axis direction that is perpendicular to the x-
axis and is parallel to a surface direction of the printing
medium 2. The nozzle row NL is arranged to be apart
from a right end RE of the bottom surface 100b of the
device body 100 by a distance DD to the left. As will be
described later, when performing printing using the print-
ing device 1, the user moves the printing device 1 while
visually checking the right end RE of the bottom surface
100b, and sets a desired position as a printing start po-
sition.

[0024] The nozzle row NL each includes a plurality of
ink nozzles (not shown). When ink inside the ink nozzle
is heated by a heater, bubbles are generated, and a burst
of this bubble causes the ink to be ejected from the ink
nozzle to the printing medium 2.

[0025] While details will be described later, when the
control mode of the printing device 1 is set to the low-
speed mode, the printing mechanism 103 prints an image
to be printed by ejecting ink onto the printing medium 2
eachtime the detector 102 detects thatthe printing device
1 has moved by a preset reference distance. The refer-
ence distance is set in advance by any method such as
experiment in accordance with a printing resolution and
the like of printing performed by the printing device 1.
Specifically, in the present embodiment, the reference
distance is set to a dot pitch corresponding to a print
resolution of printing performed by the ink jet head 103a
of the printing device 1. For example, when the printing
resolution is 600 dpi, the reference distance is sett0 42.3
pm. While details will be described later, when the control
mode of the printing device 1 is set to the high-speed
mode, the printing mechanism 103 prints an image to be
printed by ejecting ink onto the printing medium 2 for
each printing cycle corresponding to the moving speed
of the printing device 1.

[0026] The printing mechanism 103 starts printing in
response to the fact that the printing device 1 has moved
by a preset approach distance after a preset print start
condition is satisfied. In the present embodiment, the
print start condition is satisfied when the start button 101
is pressed. Further, in the present embodiment, the dis-
tance DD between the right end RE of the bottom surface
100b of the device body 100 and the nozzle row NL is
set as the approach distance.

[0027] The printing mechanism 103 starts printing in
response to the fact that the printing device 1 has moved
by the distance DD between the right end RE of the bot-
tom surface 100b of the device body 100 and the nozzle
row NL, which is the approach distance after the start
button 101 is pressed. Therefore when printing is per-
formed using the printing device 1, the user can move
the printing device 1 while visually checking the right end
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RE of the bottom surface 100b and set a desired position
as a print start position. Hereinafter, a description is given
to a function of the right end RE of the bottom surface
100b in setting a desired position as the printing start
position in printing using the printing device 1, with ref-
erence to Figs. 3 to 5. Specifically, a case will be de-
scribed where the user desires to set, as the printing start
position, a position on the printing medium 2 with the x
coordinate of X1, as an example.

[0028] During printing, the user moves the printing de-
vice 1 while visually checking the right end RE of the
bottom surface 100b of the device body 100 in a state
where the printing device 1 is placed on the printing me-
dium 2, and places the printing device 1 such that the x
coordinate of the right end RE coincides with X1, as
shown in Fig. 3. In this state, the nozzle row NL included
in the ink jet head 103a is disposed at a position with the
x coordinate of X1-DD. In this state, printing is started
when the user presses the start button 101 to instruct a
print start, and moves the printing device 1 in the moving
direction by the distance DD set as the approach distance
between the right end RE and the nozzle row NL as
shown in Fig. 4. At a time point when printing is started,
the nozzle row NL to perform printing is disposed at a
position with the x coordinate of X1. Thereafter, when
the user continues to move the printing device 1 in the
moving direction, text "EFGHI" as an image to be printed
is printed with the x coordinate of X1 as the printing start
position, as shown in Fig. 5.

[0029] Hereinafter, an operation in which the printing
device 1 is moved by the approach distance after the
print start condition is satisfied is referred to as approach.
That is, the printing device 1 starts printing in response
to completion of approach.

[0030] In addition to each of the above-described con-
figurations, the printing device 1 includes, as shown in
Fig. 6, the control circuit 104, a read only memory (ROM)
105, arandom access memory (RAM) 106, a sensor con-
trol circuit 107, a power supply control circuit 108, a power
supply 109, the ink jet head control circuit 103b, a wire-
less communication module 110, a timer circuit 111, an
input/output control circuit 112, an input unit 113, and an
output unit 114.

[0031] The control circuit 104 includes a central
processing unit (CPU), and executes various processes
including a print process to be described later, in accord-
ance with a program and data stored in the ROM 105.
The control circuit 104 is connected to each part of the
printing device 1 via a system bus (not shown) that is a
transmission path for command and data, and integrally
controls the entire printing device 1.

[0032] The ROM 105 stores a program and data to be
used for executing various processes by the control cir-
cuit 104. Specifically, the ROM 105 stores a control pro-
gram 105a to be executed by the control circuit 104. Fur-
ther, the ROM 105 stores print data 105b representing
an image to be printed. The printing device 1 acquires
the print data 105b generated by an external device such
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as a personal computer (PC) or a smart phone, from the
external device via the wireless communication module
110, and stores the data in the ROM 105.

[0033] The RAM 106 stores data generated or ac-
quired by the control circuit 104 executing various proc-
esses. Specifically, the RAM 106 stores moving amount
data 106a representing a moving direction of the printing
device 1 and a moving amount per sampling cycle that
are indicated by the moving amount detection signal out-
put by the detector 102. Further, the RAM 106 functions
as a work area of the control circuit 104. That is, the
control circuit 104 executes various processes by reading
out the program and data stored in the ROM 105 to the
RAM 106, and appropriately referring to the read out pro-
gram and data.

[0034] The sensor control circuit 107 controls the de-
tector 102 in accordance with control by the control circuit
104. The power supply control circuit 108 controls the
power supply 109 in accordance with control by the con-
trol circuit 104. The power supply 109 includes a battery
and supplies power to each part of the printing device 1
in accordance with control by the power supply control
circuit 108.

[0035] The ink jet head control circuit 103b is provided
in the printing mechanism 103, and controls ejection of
ink by the ink jet head 103a in accordance with control
by the control circuit 104. Specifically, the ink jet head
control circuit 103b sequentially transmits the print data
105b to the ink jet head 103a for each line in accordance
with control by the control circuit 104. The print data 105b
for one line represents an image to be printed for one
unit, which is an image of a portion that can be printed
without movement of the printing device 1, in the image
to be printed. In accordance with control by the control
circuit 104, the printing mechanism 103 sequentially
prints the image to be printed for each unit. While details
will be described later, when the control mode of the print-
ing device 1 is set to the low-speed mode, in accordance
with control by the control circuit 104, the ink jet head
control circuit 103b sequentially transmits the print data
105b for one line to the ink jet head 103a each time the
detector 102 detects that the printing device 1 has moved
by the reference distance. Further, when the control
mode of the printing device 1 is set to the high-speed
mode, in accordance with control by the control circuit
104, the ink jet head control circuit 103b sequentially
transmits the print data 105b for one line to the ink jet
head 103a for each printing cycle corresponding to a
moving speed of the printing device 1. When the ink jet
head control circuit 103b transmits the print data 105b
for one line to the ink jet head 103a, the ink jet head
control circuit 103b causes the ink jet head 103a to eject
ink from a specific ink nozzle specified by the print data
105b among a plurality of ink nozzles included in the noz-
zle row NL, by transmitting an ejection command instruct-
ing ink ejection to the ink jet head 103a, to perform print-
ing. This causes printing of an image to be printed for
one unit represented by the print data 105b for one line.
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[0036] The wireless communication module 110 trans-
mits and receives data with an external device such as
a PC or a smart phone, by performing wireless commu-
nication via a communication network such as a wireless
local area network (LAN). Specifically, the printing device
1 acquires the print data 105b generated by the external
device, from the external device via the wireless commu-
nication module 110. The timer circuit 111 includes a real
time clock (RTC) circuit that continues to generate a clock
signal of a constant cycle even while power supply by
the power supply 109 is stopped, and always counts time
based on the clock signal. The timer circuit 111 supplies
data representing a time counting result to the control
circuit 104. The input/output control circuit 112 controls
the input unit 113 and the output unit 114 in accordance
with control by the control circuit 104.

[0037] Theinputunit 113includes aninputdevice such
as various operation buttons including the start button
101, aninputkey, a switch, a touch pad, or a touch panel.
Further, the input unit 113 accepts various operation in-
structions input by the user, and supplies the accepted
operation instruction to the control circuit 104. Specifical-
ly, the input unit 113 includes the start button 101 and a
sensor to detect depression of the start button 101, and
the input unit 113 accepts an operation instruction to start
printing in response to the depression of the start button
101. The output unit 114 includes an output device such
as a speaker, a display, or a light emitting device, and
outputs various information in a form recognizable by the
user.

[0038] As afunction of the control circuit 104, the print-
ing device 1 having the above-described physical con-
figuration includes a detection signal acquisition unit 10,
a moving speed calculation unit 11, a control mode set-
ting unit 12, and a print control unit 13, as shown in Fig.
7. The control circuit 104 functions as each of these units
by executing the control program 105a to control the print-
ing device 1. The detection signal acquisition unit 10 ac-
quires a detection signal including the above-described
moving amount detection signal from the detector 102
for each sampling cycle of the optical sensor provided to
the detector 102. The detection signal acquisition unit 10
supplies the acquired detection signal to the moving
speed calculation unit 11 and the print control unit 13.
[0039] The movingspeed calculation unit 11 calculates
a moving speed of the printing device 1 in accordance
with the moving amount detection signal included in the
detection signal supplied from the detection signal ac-
quisition unit 10. Specifically, the moving speed calcula-
tion unit 11 calculates the moving speed of the printing
device 1 by dividing the moving amount, which is indi-
cated by the moving amount detection signal, of the print-
ing device 1 per sampling cycle of the optical sensor pro-
vided to the detector 102, by the sampling cycle. The
moving speed calculation unit 11 supplies data indicating
the calculated moving speed, to the control mode setting
unit 12 and the print control unit 13.

[0040] The control mode setting unit 12 sets the control
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mode of the printing device 1 to either the low-speed
mode or the high-speed mode in accordance with the
moving speed of the printing device 1 calculated by the
moving speed calculation unit 11. The control mode set-
ting unit 12 supplies, to the print control unit 13, data
indicating whether the control mode of the printing device
1is setto the low-speed mode or to the high-speed mode.
Specifically, while the printing device 1 is performing
printing, the control mode setting unit 12 determines
whether or not to switch the control mode of the printing
device 1 between the low-speed mode and the high-
speed mode, in accordance with the moving speed of
the printing device 1 for each sampling cycle of the optical
sensor provided to the detector 102.

[0041] More specifically, as shown in Fig. 8, when it is
determined that the moving speed of the printing device
1 is lower than a first speed V1 set in advance in a state
where the control mode of the printing device 1 is set to
the low-speed mode, the control mode setting unit 12
maintains the control mode in the low-speed mode.
Whereas, when it is determined that the moving speed
of the printing device 1 is lower than a maximum speed
Vmax set in advance and is equal to or higher than the
first speed V1 in a state where the control mode of the
printing device 1 is setto the low-speed mode, the control
mode setting unit 12 changes the control mode from the
low-speed mode to the high-speed mode.

[0042] Further, when it is determined that the moving
speed of the printing device 1 is equal to or higher than
the a second speed V2 set in advance and lower than
the maximum speed Vmax in a state where the control
mode of the printing device 1 is set to the high-speed
mode, the control mode setting unit 12 maintains the con-
trol mode in the high-speed mode. Whereas, when it is
determined that the moving speed of the printing device
1 is lower than the second speed V2 in a state where the
control mode of the printing device 1 is set to the high-
speed mode, the control mode setting unit 12 changes
the control mode from the high-speed mode to the low-
speed mode. The second speed V2 is set to a speed
lower than the first speed V1. That is, when the moving
speed of the printing device 1 is equal to or higher than
the first speed V1 and is lower than the maximum speed
Vmayx, the control mode setting unit 12 sets the control
mode of the printing device 1 to the high-speed mode,
and when the moving speed of the printing device 1 is
lower than the second speed V2, the control mode setting
unit 12 sets the control mode of the printing device 1 to
the low-speed mode.

[0043] The maximum speed Vmax is set in advance
by any method such as experiment, in accordance with
a maximum value of a speed and the like at which the
printing mechanism 103 can perform printing without low-
ering print quality. In the present embodiment, the max-
imum speed Vmax is set to 200 mm/sec. If printing is
performed when the moving speed of the printing device
1 is equal to or higher than the maximum speed Vmax,
an image to be printed may be stretched in the moving
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direction of the printing device 1 to cause distorted print,
lowering print quality. Therefore, as will be described lat-
er, in either case where the control mode of the printing
device 1 is set to the high-speed mode or the low-speed
mode, when the moving speed of the printing device 1
is equal to or higher than the maximum speed Vmax, the
print control unit 13 causes the printing mechanism 103
to stop printing, thereby suppressing deterioration in print
quality.

[0044] The first speed V1 and the second speed V2
are set in advance by any method such as experiment.
In the present embodiment, the first speed V1 is set to
90 mm/sec and the second speed V2 is set to 45 mm/sec.
[0045] In a case where the first speed V1, which is a
threshold value at which the control mode of the printing
device 1 is switched from the low-speed mode to the
high-speed mode, is an equal speed to the second speed
V2, which is a threshold value at which the control mode
of the printing device 1 is switched from the high-speed
mode to the low-speed mode, the control mode of the
printing device 1 is switched each time a magnitude re-
lation between this same speed and the moving speed
of the printing device 1 changes. Whereas, in the present
embodiment, the first speed V1 and the second speed
V2 are mutually different. Therefore, in a state where the
control mode of the printing device 1 is set to the low-
speed mode, even when the moving speed of the printing
device 1 falls below the first speed V1 after the control
mode is changed from the low-speed mode to the high-
speed mode based on the fact that the moving speed of
the printing device 1 is equal to or higher than the first
speed V1, the control mode will not be changed from the
high-speed mode to the low-speed mode unless the mov-
ing speed falls below the second speed V2. Further, in
a state where the control mode of the printing device 1
is set to the high-speed mode, even when the moving
speed of the printing device 1 becomes equal to or higher
than the second speed V2 after the control mode is
changed from the high-speed mode to the low-speed
mode based on the fact that the moving speed of the
printing device 1 is lower than the second speed V2, the
control mode will not be changed from the low-speed
mode to the high-speed mode unless the moving speed
becomes equal to or higher than the first speed V1.
Therefore, in the present embodiment, a switching fre-
quency of the control mode of the printing device 1 is
suppressed as compared with a case where the first
speed V1 and the second speed V2 are the mutually
same speed.

[0046] As the switching frequency of the control mode
of the printing device 1 increases, a processing load on
the printing device 1 increases. Further, since the printing
device 1 performs printing by a different printing method
depending on the control mode, the printing method is
switched very frequently when the switching frequency
of the control mode becomes extremely large, which may
cause deterioration in print quality. Therefore, by setting
the first speed V1 and the second speed V2 to mutually
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different speeds, the printing device 1 suppresses a
switching frequency of the control mode, reduces a
processing load, and reduces a possibility of deteriora-
tion in print quality.

[0047] As described above, while the printing device 1
is performing printing, the control mode setting unit 12
sets the control mode of the printing device 1 in accord-
ance with the moving speed of the printing device 1. Fur-
ther, the control mode setting unit 12 sets the control
mode of the printing device 1 at a start of printing in ac-
cordance with the moving speed of the printing device 1
during a period from after the above-described printing
condition is satisfied until the printing device 1 moves by
the approach distance, that is, in accordance with the
moving speed of the printing device 1 during approach.
In other words, the control mode setting unit 12 sets the
control mode of the printing device 1 at a start of printing
in accordance with the moving speed of the printing de-
vice 1in a state where the print start condition is satisfied
but the printing is not yet started.

[0048] Specifically, when the moving speed of the
printing device 1 during the approach satisfies a first con-
dition set in advance, the control mode setting unit 12
sets the control mode of the printing device 1 at a start
of printing to the low-speed mode. In the present embod-
iment, the first condition is satisfied when an approach
speed, which is an average value of the moving speed
of the printing device 1 during approach, is lower than
the first speed V1. When the moving speed of the printing
device 1 during approach satisfies a second condition
set in advance, the control mode setting unit 12 sets the
control mode of the printing device 1 at a start of printing
to the high-speed mode. In the present embodiment, the
second condition is satisfied when the approach speed
is equal to or higher than the first speed V1 and is lower
than the maximum speed Vmax.

[0049] The print control unit 13 controls the printing
mechanism 103 to print the image to be printed. Specif-
ically, in response to the fact that the printing device 1
has moved by the approach distance after the above-
described print start condition is satisfied, that is, in re-
sponse to completion of the approach, the print control
unit 13 causes the printing mechanism 103 to start print-
ing. In other words, in accordance with control by the
print control unit 13, the printing mechanism 103 starts
printing in response to completion of approach.

[0050] The print control unit 13 causes the printing
mechanism 103 to perform printing using mutually differ-
ent printing methods for cases where the control mode
of the printing device 1 is set to the low-speed mode and
where the control mode of the printing device 1 is set to
the high-speed mode. Specifically, when the control
mode of the printing device 1 is set to the low-speed
mode, the print control unit 13 causes the printing mech-
anism 103 to print an image to be printed by ejecting ink
onto the printing medium 2 each time the detector 102
detects that the printing device 1 has moved by the ref-
erence distance described above. Hereinafter, a descrip-
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tion is given to printing by the printing device 1 when the
control mode of the printing device 1 is set to the low-
speed mode, with reference to Figs. 9A and 9B.

[0051] The detector 102 outputs a moving amount de-
tection signal indicating the moving amount of the printing
device 1 for each sampling cycle of the optical sensor
provided to the detector 102. Hereinafter, a description
is given to a case where the detector 102 outputs a mov-
ing amount detection signal at each timing of times ts to
9ts as an example, as shown in Fig. 9A. Each time the
detector 102 outputs the moving amount detection signal,
the print control unit 13 acquires the output moving
amount detection signal via the detection signal acquisi-
tion unit 10, and by successively adding the moving
amount per sampling cycle of the printing device 1 indi-
cated by the acquired moving amount detection signal,
the print control unit 13 updates an accumulated value
of the moving amount of the printing device 1. Specifi-
cally, as shownin Fig. 9B, the print control unit 13 updates
the accumulated value of the moving amount of the print-
ing device 1 at each timing of the times ts to 9ts, which
is a timing at which the moving amount detection signal
is output by the detector 102. When the updated accu-
mulated value of the moving amount of the printing device
1 becomes equal to or larger than a reference distance
L, the print control unit 13 causes the printing mechanism
103 to ejectink to perform printing. Specifically, as shown
in Fig. 9B, the print control unit 13 calculates times T1
and T2 when the accumulated value of the moving
amount of the printing device 1 becomes the reference
distance L, and causes the printing mechanism 103 to
ejectink at each timing of the times T1 and T2 to perform
printing. When the printing mechanism 103 ejects ink to
perform printing, the print control unit 13 subtracts the
reference distance L from the accumulated value of the
moving amount of the printing device 1 as shown in Fig.
9B. By repeatedly performing the above-described op-
eration, the printing device 1 causes the printing mech-
anism 103 to eject ink to perform printing each time the
detector 102 detects that the printing device 1 has moved
by the reference distance L.

[0052] When the control mode of the printing device 1
is set to the high-speed mode, the print control unit 13
causes the printing mechanism 103 to print an image to
be printed by ejecting ink onto the printing medium 2 for
each printing cycle corresponding to the moving speed
of the printing device 1 calculated by the moving speed
calculation unit 11. Hereinafter, a description is given to
printing by the printing device 1 when the control mode
of the printing device 1 is set to the high-speed mode,
with reference to Fig. 10.

[0053] The detector 102 outputs a moving amount de-
tection signal indicating the moving amount of the printing
device 1 for each sampling cycle of the optical sensor
provided to the detector 102. Hereinafter, a description
is given to a case where the detector 102 outputs a mov-
ing amount detection signal at each timing of the times
ts to 9ts, as an example as shown in Fig. 10A. Each time
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the detector 102 outputs the moving amount detection
signal, the moving speed calculation unit 11 acquires the
output moving amount detection signal via the detection
signal acquisition unit 10, and calculates the moving
speed of the printing device 1 in accordance with the
moving amount of the printing device 1 indicated by the
acquired moving amount detection signal. Here, as
shown in Fig. 10A, the moving distance at each timing is
larger than the reference distance L. As shown in Fig.
10B, at each timing of the times ts to 9ts, whichis a timing
at which the moving amount detection signal is output by
the detector 102, the print control unit 13 sets the printing
cycle corresponding to the moving speed of the printing
device 1 calculated by the moving speed calculation unit
11. More specifically, the print control unit 13 calculates
the printing cycle corresponding to the moving speed by
dividing the reference distance L by the moving speed
of the printing device 1. That is, the printing cycle corre-
sponds to a time that the printing device 1 moves by the
reference distance L. At each time of detecting an elapse
of the set printing cycle based on time counting by the
timer circuit 111, the print control unit 13 causes the print-
ing mechanism 103 to eject ink to perform printing. Spe-
cifically, as shown in Fig. 10B, the print control unit 13
calculates times Ta to Tu at which the printing cycle has
elapsed based on time counting by the timer circuit 111,
and causes the printing mechanism 103 to eject ink at
each timing of the times Ta to Tu to perform printing. For
example, at each timing of the times Ta to Tc calculated
that the printing cycle that is set at the timing of the time
ts has elapsed based on time counting by the timer circuit
111, the print control unit 13 causes the printing mecha-
nism 103 to eject ink to perform printing. Further, at each
timing of the times Td and Te calculated that the printing
cycle that is set at the timing of time 2ts has elapsed
based on time counting by the timer circuit 111, the print
control unit 13 causes the printing mechanism 103 to
eject ink to perform printing.

[0054] As described above, when the moving speed
of the printing device 1 is lower than the second speed
V2, the control mode setting unit 12 sets the control mode
of the printing device 1 to the low-speed mode, and when
the moving speed of the printing device 1 is equal to or
higher than the first speed V1 and is lower than the max-
imum speed Vmax, the control mode setting unit 12 sets
the control mode of the printing device 1 to the high-speed
mode. Therefore, in accordance with control by the print
control unit 13, when the moving speed of the printing
device 1 is lower than the second speed V2, the printing
mechanism 103 prints an image to be printed by ejecting
ink onto the printing medium 2 each time the detector
102 detects that the printing device 1 has moved by the
reference distance L, and when the moving speed of the
printing device 1 is equal to or higher than the first speed
V1 andis lowerthan the maximum speed Vmax, the print-
ingmechanism 103 prints an image to be printed by eject-
ing ink onto the printing medium 2 for each printing cycle
corresponding to the moving speed of the printing device
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1. Note that the speed lower than the second speed V2
is an example of a first moving speed according to the
presentinvention, and the speed that is equal to or higher
than the first speed V1 and is lower than the maximum
speed Vmax is an example of a second moving speed
according to the present invention.

[0055] Further, as described above, in a state where
the control mode of the printing device 1 is set to the low-
speed mode, when the moving speed of the printing de-
vice 1 is equal to or higher than the first speed V1 and is
lower than the maximum speed Vmax, the control mode
setting unit 12 changes the control mode of the printing
device 1 from the low-speed mode to the high-speed
mode. Therefore, in accordance with control by the print
control unit 13, in a state of printing an image to be printed
by ejecting ink onto the printing medium 2 each time the
detector 102 detects that the printing device 1 has moved
by the reference distance L, when the moving speed of
the printing device 1 is equal to or higher than the first
speed V1 and is lower than the maximum speed Vmax,
the printing mechanism 103 stops operation of printing
of an image to be printed by ejecting ink onto the printing
medium 2 each time the detector 102 detects that the
printing device 1 has moved by the reference distance
L, and the printing mechanism 103 starts operation of
printing of an image to be printed by ejecting ink onto the
printing medium 2 for each printing cycle corresponding
to the moving speed of the printing device 1.

[0056] Further, as described above, in a state where
the control mode of the printing device 1 is set to the high-
speed mode, when the moving speed of the printing de-
vice 1 is lower than the second speed V2, the control
mode setting unit 12 changes the control mode of the
printing device 1 from the high-speed mode to the low-
speed mode. Therefore, in accordance with control by
the print control unit 13, in a state of printing an image to
be printed by ejecting ink onto the printing medium 2 for
each printing cycle corresponding to the moving speed
of the printing device 1, when the moving speed of the
printing device 1 is lower than the second speed V2, the
printing mechanism 103 stops operation of printing of an
image to be printed by ejecting ink onto the printing me-
dium 2 for each printing cycle corresponding to the mov-
ing speed of the printing device 1, and the printing mech-
anism 103 starts operation of printing of an image to be
printed by ejecting ink onto the printing medium 2 each
time the detector 102 detects that the printing device 1
has moved by the reference distance L.

[0057] In a conventional printing device, in a state of
printing an image to be printed by ejecting ink each time
the detector detects that the own device has moved by
the reference distance L, when the moving amount of the
printing device per sampling cycle of the optical sensor
provided to the detector exceeds a distance twice the
reference distance L, it is not possible to eject twice or
more of ink at each reference distance L although it is
necessary to eject twice or more of ink at each reference
distance L, which may deteriorate print quality. However,
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in a state where the control mode is set to the high-speed
mode, the printing device 1 according to the present em-
bodiment prints an image to be printed by ejecting ink for
each printing cycle shorter than the sampling cycle in
accordance with the moving speed of the printing device
1, thereby suppressing deterioration in print quality when
the moving amount of the printing device 1 per sampling
cycle is larger than the reference distance L.

[0058] Further, in a conventional printing device, in a
state of printing an image to be printed by ejecting ink for
each printing cycle corresponding to the moving speed
of the printing device, when the printing device stops
moving or the moving amount of the printing device per
sampling cycle falls below the reference distance L, ejec-
tion of ink for each reference distance may fail and print
quality may be deteriorated. In the printing device 1 of
the present embodiment, in a state where the control
mode is set to the low-speed mode, printing of an image
to be printed is performed by ejecting ink each time the
detector 102 detects that the printing device 1 has moved
by the reference distance L, thereby suppressing dete-
rioration in print quality when the printing device 1 stops
moving during printing or when a moving amount of the
printing device 1 per sampling cycle falls below the ref-
erence distance L.

[0059] Hereinafter, a description is given to printing by
the printing device 1 in cases where the control mode of
the printing device 1 is set to the low-speed mode and
where the control mode is set to the high-speed mode,
with reference to Figs. 11A and 11B. Specifically, here-
inafter, as shown in Fig. 11A, a case will be described,
as an example, where the printing device 1 moves at a
speed lower than the second speed V2 from a time 0 to
a time Tx, and moves at a speed that is higher than the
first speed V1 and is lower than the maximum speed
Vmax after the time Tx. As shown in Fig. 11A, the control
mode of the printing device 1 is set to the low-speed
mode from the time 0 to the time Tx, and to the high-
speed mode after the time Tx.

[0060] As shown in Fig. 11B, in a time section from the
time 0 to the time Tx where the control mode is set to the
low-speed mode, the printing device 1 ejects ink at tim-
ings of times ta and tb, which are timings when the de-
tector 102 detects that the printing device 1 has moved
by the reference distance L, to perform printing. As shown
in Fig. 11B, the timing of the time ta is a timing at which
the moving distance of the printing device 1 reaches the
reference distance L, and the timing of the time tb is a
timing at which the moving distance of the printing device
1 reaches 2L, which is a distance twice the reference
distance L.

[0061] Asshownin Fig. 11B, in a time section after the
time Tx where the control mode is set to the high-speed
mode, the printing device 1 ejects ink at timings of times
tc to tg, which are timings of detecting an elapse of the
printing cycle corresponding to the moving speed of the
printing device 1 based on time counting by the timer
circuit 111, to perform printing. As shown in Fig. 11B, the
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times tc to tg are timings at which the moving distance
of the printing device 1 reaches 3L to 7L, which are dis-
tances 3to 7 times the reference distance L, respectively.
[0062] As shown in Fig. 11B, a time interval between
the time ta and the time tb is different from each time
interval between the times tc and tg. That is, a time in-
terval of ink ejection in a case where the control mode of
the printing device 1 is set to the low-speed mode is set
longer than a time interval of ink ejection in a case where
the control mode of the printing device 1 is set to the high-
speed mode. Whereas, as shown in Fig. 11B, through
the cases where the control mode is set to the low-speed
mode and where the controlmode is set to the high-speed
mode, the printing device 1 ejects ink each time the mov-
ing distance of the own device increases by the reference
distance L, to perform printing. That s, a distance interval
of ink ejection in a case where the control mode of the
printing device 1 is set to the low-speed mode is equal
to a distance interval of ink ejection in a case where the
control mode of the printing device 1 is set to the high-
speed mode.

[0063] As described above, the printing device 1 per-
forms printing by mutually different printing methods for
the cases where the control mode is set to the low-speed
mode and where the controlmode is set to the high-speed
mode, and ejects ink at the same distance interval be-
tween the cases where the control mode is set to the low-
speed mode and where the control mode is set to the
high-speed mode, by ejecting ink at mutually different
time intervals between the cases where the control mode
is set to the low-speed mode and where the control mode
is setto the high-speed mode. That is, the printing device
1 performs printing with mutually different printing meth-
ods for cases where the control mode is set to the low-
speed mode and where the control mode is set to the
high-speed mode, thereby suppressing deterioration in
print quality.

[0064] As described above, when the moving speed
of the printing device 1 during approach satisfies the first
condition set in advance, the control mode setting unit
12 sets the control mode of the printing device 1 at a start
of printing to the low-speed mode. Further, when the mov-
ing speed of the printing device 1 during the approach
satisfies the second condition set in advance, the control
mode setting unit 12 sets the control mode of the printing
device 1 at a start of printing to the high-speed mode.
Therefore, in accordance with control by the print control
unit 13, in a case where the moving speed of the printing
device 1 during approach satisfies the first condition, the
printing mechanism 103 prints an image to be printed by
ejecting ink onto the printing medium 2 each time the
detector 102 detects that the printing device 1 has moved
by the reference distance L, when the printing is started.
Further, in accordance with control by the print control
unit 13, in a case where the moving speed of the printing
device 1 during approach satisfies the second condition,
the printing mechanism 103 prints an image to be printed
by ejecting ink onto the printing medium 2 for each print-
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ing cycle that is set in accordance with the moving speed
of the printing device 1, when the printing is started.
[0065] As described above, the printing device 1 sets
the control mode of the printing device 1 at a start of
printing in accordance with the moving speed of the print-
ing device 1 during approach. Further, as described
above, the printing device 1 suppresses deterioration in
print quality by performing printing by a printing method
corresponding to the control mode. That is, the printing
device 1 suppresses the deterioration in print quality by
setting the control mode of the printing device 1 at a start
of printing in accordance with the moving speed of the
printing device 1 during approach.

[0066] The print control unit 13 determines whether or
not the printing device 1 has been lifted off, by determin-
ing whether or not a detection signal supplied from the
detection signal acquisition unit 10 satisfies the lift-off
condition described above. When determining that the
printing device 1 has been lifted off, the print control unit
13 causes the printing mechanism 103 to stop printing.
That is, in accordance with control by the print control
unit 13, the printing mechanism 103 stops printing in re-
sponse to the lift off of the printing device 1.

[0067] When the moving speed of the printing device
1 calculated by the moving speed calculation unit 11 is
equal to or higher than the maximum speed Vmax, the
print control unit 13 causes the printing mechanism 103
to stop printing. Further, when the above-described ap-
proach speed is equal to or higher than the maximum
speed Vmax, the print control unit 13 causes the printing
mechanism 103 to stop printing. That is, in accordance
with control by the print control unit 13, the printing mech-
anism 103 stops printing when the moving speed of the
printing device 1 is equal to or higher than the maximum
speed Vmax. Therefore, the printing device 1 can sup-
press deterioration in print quality.

[0068] Hereinafter, a description is given to a print
process executed by the printing device 1 having the
above-described physical/functional configuration, with
reference to the flowcharts of Figs. 12 to 18.

[0069] The printing device 1 acquires the print data
105b generated by an external device such as a PC or
a smart phone from the external device via the wireless
communication module 110, and stores the data in the
ROM 105 in advance. When a user selects the print data
105b by operating the input unit 113, the control circuit
104 reads out the print data 105b to the RAM 106. In this
state, when the user instructs a start of printing by press-
ing the start button 101, the control circuit 104 starts the
print process shown in the flowchart of Fig. 12.

[0070] When the print process is started, the control
circuit 104 firstly sets interruption of the control process
to be described later and starts the control process (step
S101). Thereafter, until the interruption of the control
process is stopped in processing of step S105 to be de-
scribed later, the control circuit 104 causes a control proc-
ess to interrupt at each time of detecting an elapse of the
sampling cycle of the optical sensor provided to the de-
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tector 102 based on time counting by the timer circuit
111, and repeatedly executes the control process. De-
tails of the control process will be described later with
reference to the flowcharts of Figs. 13 to 18.

[0071] Next, the printcontrol unit 13 determines wheth-
er or not an error flag is set to an ON state (step S102).
As will be described later, the error flag is set to the ON
state (step S206, step S309, step S510, step S705) when
it is determined that the printing device 1 has been lifted
off (step S202; Yes); when it is determined that an ap-
proach speed, which is an average value of the moving
speed of the printing device 1 during approach, is equal
to or higher than the maximum speed Vmax (step S307;
No); and when it is determined that the moving speed of
the printing device 1 is equal to or higher than the max-
imum speed Vmax (step S509; No, step S704; No).
[0072] When itis determined that the error flag is set
to the ON state (step S102; Yes), the print control unit
13 clears the error flag and an approach completion flag
to be described later (step S104), stops the interruption
of the control process (step S105), and ends the print
process. Clearing the error flag and the approach com-
pletion flag indicates setting these flags to an OFF state,
which is an initial state. Clearing these flags at the end
of the print process allows execution of the next print
process.

[0073] Whereas, when it is determined that the error
flag is not set to the ON state (step S102; No), the print
control unit 13 determines whether or not printing has
been completed, by determining whether or not the print
data 105b is stored in the RAM 106 (step S103). As will
be described later, the print control unit 13 transmits the
print data 105b to the ink jet head 103a for each line to
print an image to be printed for each unit (steps S503
and S504, steps S601 and S602), and deletes the trans-
mitted print data 105b from the RAM 106 for each line
(step S505, step S603). Therefore, by determining
whether or not the print data 105b is stored in the RAM
106, the print control unit 13 can determine whether or
not the printing of the image to be printed represented
by the print data 105b has been completed.

[0074] When the print control unit 13 determines that
printing has not been completed (step S103; No), the
process returns to step S102. Whereas, when it is deter-
mined that the printing is completed (step S103; Yes),
the print control unit 13 clears the error flag and the ap-
proach completion flag to be described later (step S104),
stops the interruption of the control process (step S105),
and ends the print process.

[0075] Next, details of the control process will be de-
scribed with reference to the flowcharts of Figs. 13 to 18.
[0076] When the control process shown in the flow-
chart of Fig. 13 is started, first, the detection signal ac-
quisition unit 10 acquires a detection signal from the de-
tector 102 (step S201).

[0077] The print control unit 13 determines whether or
not the printing device 1 has been lifted off, by determin-
ing whether or not the detection signal acquired in step
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S201 satisfies the lift-off condition (step S202). When it
is determined that the printing device 1 has been lifted
off (step S202; Yes), the print control unit 13 sets the
error flag to the ON state (step S206), and ends the con-
trol process.

[0078] Whereas, when the print control unit 13 deter-
mines that the printing device 1 has not been lifted off
(step S202; No), the control circuit 104 determines
whether or not the approach completion flag is setto ON
(step S203). As will be described later, the approach com-
pletion flag is set to the ON state (step S304) in response
to the determination that the approach has been com-
pleted (step S303: Yes).

[0079] When it is determined that the approach com-
pletion flag is set to the ON state (step S203; Yes), the
control circuit 104 executes a normal process to be de-
scribed later (step S204) and ends the control process.
Whereas, when it is determined that the approach com-
pletion flag is not set to the ON state (step S203; No),
the control circuit 104 executes an approach process to
be described later (step S205) and ends the control proc-
ess.

[0080] Hereinafter, details of the approach process will
be described with reference to the flowchart of Fig. 14.

[0081] When the approach process shown in the flow-
chart of Fig. 14 is started, first, in accordance with the
moving amount of the printing device 1 indicated by the
moving amount detection signal included in the detection
signal acquired in step S201 of the flowchart of Fig. 13,
the control circuit 104 calculates the moving distance of
the printing device 1 from a time point when the start
button 101 is pressed (step S301).

[0082] Next, the moving speed calculation unit 11 cal-
culates the moving speed of the printing device 1 in ac-
cordance with the moving amount of the printing device
1 indicated by the moving amount detection signal in-
cluded in the detection signal acquired in step S201 (step
S302).

[0083] The control circuit 104 determines whether or
not the approach has been completed, by determining
whether or not the moving distance calculated in step
S301 is equal to or larger than the approach distance
(step S303). When itis determined that the approach has
not been completed (step S303; No), the control circuit
104 ends the approach process. Whereas, when it is de-
termined that the approach has been completed (step
S303; Yes), the control circuit 104 sets the approach
completion flag to the ON state (step S304).

[0084] During a period from after the start button 101
is pressed before it is determined that the approach has
been completed in step S303 (step S303: Yes), the con-
trol mode setting unit 12 determines whether or not the
approach speed, which is an average value of the moving
speed of the printing device 1 calculated in step S302,
is equal to or higher than the first speed V1 (step S305).
When it is determined that the approach speed is lower
than the first speed V1 (step S305; No), the control mode
setting unit 12 sets the control mode of the printing device
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1 at a start of printing to the low-speed mode (step S306),
and ends the approach process.

[0085] Whereas, when it is determined that the ap-
proach speed is equal to or higher than the first speed
V1 (step S305; Yes), the control mode setting unit 12
determines whether or not the approach speed is lower
than the maximum speed Vmax (step S307). When it is
determined that the approach speed is lower than the
maximum speed Vmax (step S307; Yes), the control
mode setting unit 12 sets the control mode of the printing
device 1 at a start of printing to the high-speed mode
(step S308), and ends the approach process. Whereas,
when it is determined that the approach speed is equal
to or higher than the maximum speed Vmax (step S307;
No), the control mode setting unit 12 sets the error flag
to the ON state (step S309), and ends the approach proc-
ess.

[0086] Next, details of the normal process will be de-
scribed with reference to the flowcharts of Figs. 15 to 18.
[0087] When the normal process shown in the flow-
chart of Fig. 15 is started, first, in accordance with the
moving amount of the printing device 1 indicated by the
moving amount detection signal included in the detection
signal acquired in step S201 of the flowchart of Fig. 13,
the moving speed calculation unit 11 calculates the mov-
ing speed of the printing device 1 (step S401).

[0088] Next, the control circuit 104 determines whether
or not the control mode of the printing device 1 is set to
the low-speed mode (step S402). When it is determined
that the control mode is set to the low-speed mode (step
S402; Yes), the control circuit 104 executes a low-speed
mode process to be described later (step S403) and ends
the normal process. Whereas, when it is determined that
the control mode is not set to the low-speed mode (step
S402; No), the control circuit 104 executes a high-speed
mode process to be described later (step S404) and ends
the normal process.

[0089] Hereinafter, details of the low-speed mode
process will be described with reference to the flowchart
of Fig. 16.

[0090] When the low-speed mode process shown in
the flowchart of Fig. 16 is started, first, the print control
unit 13 updates an accumulated value of the moving
amount of the printing device 1 (step S501) by adding
the moving amount per sampling cycle of the printing
device 1 indicated by the moving amount detection signal
included in the detection signal acquired in step S201 of
the flowchart of Fig. 13.

[0091] The print control unit 13 determines whether or
not the accumulated value of the moving amount of the
printing device 1 updated in step S501 is equal to or larger
than the reference distance L (step S502). When the print
control unit 13 determines that the accumulated value is
smaller than the reference distance L (step S502; No),
the process proceeds to step S508.

[0092] Whereas, when it is determined that the accu-
mulated value ofthe moving amount of the printing device
1is equal to or larger than the reference distance L (step
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S502; Yes), the print control unit 13 causes the ink jet
head control circuit 103b to transmit, to the ink jet head
103a, the print data 105b for one line in the print data
105b read out to the RAM 106 (step S503). By causing
the ink jet head control circuit 103b to transmit an ejection
command to the ink jet head 103a (step S504), the print
control unit 13 causes the ink jet head 103a to eject ink
to perform printing. The print control unit 13 deletes the
print data 105b for one line (step S505) that has been
transmitted in step S503, in the print data 105b read out
to the RAM 106. Next, when it is determined that unprint-
ed data 105b to be printed remains in the RAM 106 after
deletion (step S506; Yes), the print control unit 13 sub-
tracts the reference distance L from the accumulated val-
ue of the moving amount of the printing device 1 (step
S507), and the process proceeds to step S508. When it
is determined that unprinted data 105b to be printed does
not remain in the RAM 106 (step S506; No), the low-
speed processing mode is ended.

[0093] Next, the control mode setting unit 12 deter-
mines whether or not the moving speed of the printing
device 1 calculated in step S401 of the flowchart of Fig.
15 is equal to or higher than the first speed V1 (step
S508). When it is determined that the moving speed of
the printing device 1 is lower than the first speed V1 (step
S508; No), the control mode setting unit 12 continues to
consider that it is the low-speed mode, and the process
returns to step 501.

[0094] Whereas, when itis determined thatthe moving
speed of the printing device 1 is equal to or higher than
the first speed V1 (step S508; Yes), the control mode
setting unit 12 determines whether or not the moving
speed of the printing device 1 calculated in step S401 is
lower than the maximum speed Vmax (step S509). When
it is determined that the moving speed of the printing
device 1 is equal to or higher than the maximum speed
Vmax (step S509; No), the control mode setting unit 12
sets the error flag to the ON state (step S510), and ends
the low-speed mode process.

[0095] Whereas, when itis determined thatthe moving
speed of the printing device 1 is lower than the maximum
speed Vmax (step S509; Yes), the control mode setting
unit 12 changes the control mode of the printing device
1 from the low-speed mode to the high-speed mode (step
S511).

[0096] The print control unit 13 sets the printing cycle
in accordance with the moving speed of the printing de-
vice 1 calculated in step S401 (step S512). The print con-
trol unit 13 sets interruption of the ejection process to be
described later and starts the ejection process (step
S513), and the process proceeds to step S601. There-
after, until the interruption of the control process is
stopped in processing of step S105 of the flowchart of
Fig. 12, or the interruption of the ejection process is
stopped in processing of step S703 to be described later,
the print control unit 13 causes the ejection process to
interrupt at each time of detecting an elapse of the printing
cycle set in step S512 based on time counting by the
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timer circuit 111, and repeatedly executes the ejection
process.

[0097] Next, details of the high-speed mode process
will be described with reference to the flowchart of Fig. 17.
[0098] When the high-speed mode process shown in
the flowchart of Fig. 17 is started, the control mode setting
unit 12 determines whether or not the moving speed of
the printing device 1 calculated in step S401 of the flow-
chart of Fig. 15 is lower than the second speed V2 (step
S701). When it is determined that the moving speed of
the printing device 1 is lower than the second speed V2
(step S701: Yes), the control mode setting unit 12 chang-
es the control mode of the printing device 1 from the high-
speed mode to the low-speed mode (step S702). The
print control unit 13 stops interruption of the ejection proc-
ess (step S703) and ends the high-speed mode process,
and the process proceeds to a process step S501 of the
low-speed mode.

[0099] Whereas, whenitis determined thatthe moving
speed of the printing device 1 is equal to or higher than
the second speed V2 (step S701; No), the control mode
setting unit 12 determines whether or not the moving
speed of the printing device 1 calculated in step S401 is
lower than the maximum speed Vmax (step S704). When
it is determined that the moving speed of the printing
device 1 is equal to or higher than the maximum speed
Vmax (step S704; No), the control mode setting unit 12
sets the error flag to the ON state (step S705) and ends
the high-speed mode process.

[0100] Whereas, when the control mode setting unit
12 determines that the moving speed of the printing de-
vice 1 is lower than the maximum speed Vmax (step
S704; Yes), the print control unit 13 calculates the printing
cycle corresponding to the moving speed of the printing
device 1 calculated in step S401 (step S706). The print
control unit 13 updates the printing cycle for executing
the interruption of the ejection process to the printing cy-
cle calculated in step S706 (step S707), and the process
proceeds to step S601 of the ejection process to be de-
scribed later. That is, in a state where the control mode
is set to the high-speed mode, the printing device 1 up-
dates the printing cycle for executing the interruption of
the ejection process in accordance with the moving
speed of the own device for each sampling cycle of the
optical sensor provided to the detector 102 by executing
processing of step S707, and the process proceeds to
step S601 of the ejection process to be described later.
[0101] When the ejection process shown in the flow-
chart of Fig. 18 is started, the print control unit 13 causes
the ink jet head control circuit 103b to transmit, to the ink
jet head 103a, the print data 105b for one line in the print
data 105b read out to the RAM 106 (step S601). By caus-
ing the ink jet head control circuit 103b to transmit an
ejection command to the ink jet head 103a (step S602),
the print control unit 13 causes the ink jet head 103a to
eject ink to perform printing. The print control unit 13 de-
letes the print data 105b for one line (step S603) that has
been transmitted in step S601, in the print data 105b read
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out to the RAM 106. When it is determined that unprinted
data 105b to be printed remains in the RAM 106 after the
deletion (step S604; Yes), the process proceeds to step
S701 of the high-speed mode process, and when it is
determined that unprinted data 105b to be printed does
not remain in the RAM 106 (step S604; No), the ejection
process is ended.

[0102] As described above, the printing device 1 sets
the control mode to the low-speed mode when the moving
speed of the printing device 1 is lower than the second
speed V2, and the printing device 1 sets the control mode
to the high-speed mode when the moving speed of the
printing device 1 is equal to or higher than the first speed
V1 and is lower than the maximum speed Vmax. When
the control mode is set to the low-speed mode, the print-
ing device 1 prints an image to be printed by ejecting ink
eachtime the detector 102 detects thatthe printing device
1 has moved by the reference distance L. Therefore, the
printing device 1 can suppress deterioration in print qual-
ity when the printing device 1 stops moving during print-
ing, or when a moving amount of the printing device 1
per sampling cycle of the optical sensor provided to the
detector 102 is smaller than the reference distance L.
Further, when the control mode is set to the high-speed
mode, the printing device 1 prints an image to be printed
by ejecting ink for each printing cycle corresponding to
the moving speed of the printing device 1. Therefore, the
printing device 1 can suppress the deterioration in print
quality when the moving amount of the printing device 1
per sampling cycle is larger than the reference distance
L. That is, the printing device 1 sets the control mode in
accordance with the moving speed of the printing device
1, and performs printing by the printing method according
to the control mode, thereby enabling suppression of de-
terioration in print quality.

[0103] Further, the printing device 1 sets the control
mode of the printing device 1 at a start of printing in ac-
cordance with the moving speed of the printing device 1
during approach. Therefore, the printing device 1 can
suppress deterioration in print quality at the start of print-
ing.

[0104] Further, when the control mode is set to the
high-speed mode, the printing device 1 determines
whether or not to switch the control mode in accordance
with the relationship between the second speed V2 and
the moving speed of the printing device 1. Whereas,
when the control mode is set to the low-speed mode, the
printing device 1 determines whether or not to switch the
control mode in accordance with the relationship be-
tween the first speed V1 higher than the second speed
V2 and the moving speed of the printing device 1. There-
fore, the printing device 1 can suppress a switching fre-
quency of the control mode, reduce a processing load,
and reduce a possibility of deterioration in print quality.

[0105] Although the embodiment of the present inven-
tion has been described above, the above-described em-
bodiment is merely an example, and the application
range of the present invention is not limited to this. That
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is, the embodiment of the present invention can be ap-
plied in various ways, and all embodiments fall within the
scope of the present invention.

[0106] For example, in the above-described embodi-
ment, it is described that the first speed V1 is a speed
higherthan the second speed V2. However, this is merely
an example, and the first speed V1 and the second speed
V2 may be the same speed as each other.

[0107] Further, in the above-described embodiment, it
is described that the print start condition is satisfied when
the start button 101 is pressed. However, this is merely
an example, and any conditions can be set as the print
start condition. For example, the print start condition may
be satisfied when the printing device 1 starts moving.
[0108] In the above-described embodiment, it is de-
scribed that the control mode of the printing device 1 at
a start of printing is set in accordance with the moving
speed of the printing device 1 during approach. However,
this is merely an example, and the control mode of the
printing device 1 at a start of printing may be set in ad-
vance. For example, the low-speed mode may be setin
advance as the control mode of the printing device 1 at
the start of printing. Alternatively, the high-speed mode
may be set in advance as the control mode of the printing
device 1 at the start of printing.

[0109] In the above-described embodiment, it is de-
scribed that the first condition is satisfied when the ap-
proach speed, which is an average value of the moving
speed of the printing device 1 during approach, is lower
than the first speed V1, and the second condition is sat-
isfied when the approach speed is equal to or higher than
the first speed V1 and is lower than the maximum speed
Vmax. However, this is merely an example, and any con-
ditions can be set as the first condition and the second
condition. For example, the first condition may be satis-
fied when the approach speed is lower than the second
speed V2, and the second condition may be satisfied
when the approach speed is equal to or higher than the
second speed V2 and is lower than the maximum speed
Vmax. Alternatively, the first condition may be satisfied
when a terminal speed, which is a moving speed having
the latesttime calculated by the moving speed calculation
unit 11 among moving speeds of the printing device 1
during approach, is lower than the first speed V1, and
the second condition may be satisfied when the terminal
speed is equal to or higher than the first speed V1 and
is lower than the maximum speed Vmax. Alternatively,
the first condition may be satisfied when the terminal
speed is lower than the second speed V2, and the second
condition may be satisfied when the terminal speed is
equal to or higher than the second speed V2 and is lower
than the maximum speed Vmax.

[0110] Further, in the above-described embodiment, it
is described that the distance DD between the right end
RE of the bottom surface 100b of the device body 100
and the nozzle row NL is set as the approach distance.
However, this is merely an example, and any distance
can be set as the approach distance. For example, it is
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possible to guide a position of the ink jet head 103a to a
user, provide an auxiliary member to assist setting of the
print start position by the user at the right end RE of the
bottom surface 100b, and set the distance between the
auxiliary member and the nozzle row NL as the approach
distance. Further, in the above-described embodiment,
it is described that the printing mechanism 103 performs
printing by the inkjet method. However, this is merely an
example, and the printing mechanism 103 may perform
printing by any method. For example, the printing mech-
anism 103 may perform printing by a thermal method or
a thermal transfer method.

[0111] In the above-described embodiment, it is de-
scribed that the printing device 1 acquires the print data
105b generated by an external device, from the external
device viathe wireless communication module 110. How-
ever, this is merely an example, and the printing device
1 can acquire the print data 105b by any method. For
example, the printing device 1 may include a wired com-
munication interface such as a universal serial bus (USB)
port, and may transmit and receive data with an external
storage medium using the wired communication inter-
face thereby to acquire the print data 105b stored in the
storage medium. Alternatively, the printing device 1 may
accept an input of print contents using the input unit 113
by the user without externally receiving the print data,
and may generate the print data 105b in accordance with
the input print contents.

[0112] Further, in the above-described embodiment, it
is described that the printing device 1 is a manual-scan-
ning printing device. However, this is merely an example,
and the printing device 1 may be a self-propelled printing
device having a moving unit configured to move the own
device on the printing medium 2 to perform printing in
accordance with the movement.

[0113] Further, in the above-described embodiment, it
is described that the detector 102 includes the optical
sensor, and the optical sensor detects the moving direc-
tion and the moving amount of the printing device 1. How-
ever, this is merely an example, and the detector 102
can detect the moving direction and the moving amount
of the printing device 1 by any method. For example, the
detector 102 may detect the moving direction and the
moving amount of the printing device 1 by a mechanical
encoder. Specifically, the mechanical encoder includes
a rotary member that comes into contact with the printing
medium 2 in a state where the printing device 1 is placed
on the printing medium 2, and rotates in accordance with
the movement of the printing device 1 on the printing
medium 2, and the mechanical encoder may detect the
moving direction and the moving amount of the printing
device 1 in accordance with the rotation of the rotating
member.

[0114] Further, in the above-described embodiment, it
is described that the detector 102 has the laser optical
sensor, but this is merely an example, and the detector
102 may have any type of optical sensor. For example,
the detector 102 may include an LED optical sensor con-
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figured to irradiate light from an LED light source to a
surface of the printing medium 2, and output a moving
amountdetection signal indicatinga moving direction and
a moving amount of the printing device 1 by capturing
and analyzing a shadow caused by unevenness on the
surface of the printing medium 2.

[0115] Itis to be noted that, in addition to providing as
a printing device provided with the configuration for re-
alizing the functions according to the present invention
in advance, it is possible to cause an existing information
processing apparatus or the like to function as a printing
device according to the present invention, by applying a
program. That s, by applying the program forimplement-
ing each functional configuration of the printing device
according to the present invention so as to enable exe-
cution of the program by a CPU or the like configured to
control an existing information processing apparatus or
the like, the existing information processing apparatus or
the like can function as the printing device according to
the present invention.

[0116] Meanwhile, such a program can be applied by
any method. For example, the program can be applied
by storing in a computer-readable storage medium such
as a flexible disk, a compact disc (CD)-ROM, a digital
versatile disc (DVD)-ROM, or a memory card. Further-
more, the program may be superimposed on a carrier
wave and applied via a communication medium such as
the Internet. For example, the program may be posted
and distributed on a bulletin board system (BBS) on a
communication network. Then, the above processing
may be executed by starting and executing this program
in the same manner as other application programs under
control of an operating system (OS).

[0117] Although the desirable embodiments of the
present invention have been described above, the
present invention is not limited to specific embodiments,
and the invention described in the claims and its equiv-
alent scope are included in the present invention.

Claims
1. A printing device (1) comprising:

a printing head (103a) configured to print an im-
age on a printing medium (2) while moving rel-
ative to the printing medium (2);

a detector (102) configured to detect a moving
amount of the printing head (103a) for each sam-
pling cycle, the moving amount being relative to
the printing medium (2); and

a control circuit (104) configured to perform a
first control to cause the printing head (103a) to
perform printing when a moving speed of the
printing head (103a) based on the moving
amount detected by the detector (102) and the
sampling cycle is equal to or higher than a first
moving speed at which the moving amount for
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each the sampling cycle becomes a reference
distance corresponding to a print resolution of
the printing head (103a), the printing being per-
formed at a timing that has been set in accord-
ance with the moving speed.

The printing device (1) according to claim 1, wherein
the control circuit (104)

performs a second control to cause the printing head
(103a) to perform printing at a timing based on an
accumulated value of the moving amount for each
the sampling cycle when the moving speed is lower
than the first moving speed.

The printing device (1) according to claim 2, wherein
the control circuit (104)

calculates, in the first control, a first timing each time
the printing head (103a) moves the reference dis-
tance based on the moving speed, and causes the
printing head (103a) to perform printing at each cal-
culated first timing; and

calculates, in the second control, a second timing
each time the printing head (103a) moves the refer-
ence distance based on an accumulated value of the
moving amount, and causes the printing head (103a)
to perform printing at each calculated second timing.

The printing device (1) according to claim 2 or 3,
wherein the control circuit (104)

causes the printing head (103a) to start printing after
an instruction to start printing by the printing head
(103a) is issued and then the printing head (103a)
has moved an approach distance; and

selects whether to perform the first control or the
second control at a start of printing by the printing
head (103a), in accordance with the moving speed
of the printing head (103a)while the printing head
(103a) moves the approach distance.

The printing device (1) according to claim 2 or 3,
wherein the control circuit (104)

changes the first control to the second control when
the moving speed becomes equal to or higher than
a first speed during printing by the printing head
(103a) with the first control; and

changes the second control to the first control when
the moving speed becomes lower than a second
speed during printing by the printing head (103a) with
the second control.

The printing device (1) according to claim 5, wherein
the first speed is higher than the second speed.

The printing device (1) according to claim 1 or 2,
wherein the printing head (103a) performs printing
by ejecting ink by an inkjet method.

A printing method executed by a printing device (1),
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wherein

when a moving speed of a printing head (103a)
based on a relative moving amount of the printing
head (103a) of the printing device (1) with respect
to a printing medium (2) for each sampling cycle and
the sampling cycle is equal to or higher than a first
moving speed at which the relative moving amount
for each the sampling cycle becomes a reference
distance corresponding to a print resolution of the
printing head (103a), printing is performed by the
printing head (103a) at a timing that is set in accord-
ance with the moving speed.

A program executed by a computer configured to
control a printing device (1) characterized in that
by executing the program, the computer causes
the printing head (103a) to perform printing at a tim-
ing that is set in accordance with a moving speed
when the moving speed of a printing head (103a)
based on a relative moving amount of the printing
head (103a) of the printing device (1) with respect
to a printing medium (2) for each sampling cycle and
the sampling cycle is equal to or higher than a first
moving speed at which the moving amount for each
the sampling cycle becomes a reference distance
corresponding to a print resolution of the printing
head (103a).
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